Abstract. 2014 We give a theoretical analysis of the instabilities which occur in a smectic A sample, when submitted to an a.c. shear flow with velocity normal to the layers. This shear flow induces an a.c. tilt of the layers and, above a critical amplitude 03B80c, an instability arises and results in the formation of a quasi-periodic network of focal conics.
A result of this analysis is that one can find two different regimes, for lower and higher frequencies. In the lowfrequency regime the threshold tilt angle 03B80c depends on frequency as 03C91/2. At higher frequencies, one gets a 03C9-3/2 dependence. It is also shown that this instability arises in the bulk of the sample, and not near the upper and lower plates as in the static case.
J. Physique 44 (1983) b) velocity is parallel to the layers and the shear wave-vector is normal to the layer. This is the situation studied by Kleman and Horn [1] . At first glance, it seems that nothing should occur since the layers can glide very easily over each other [2] . In The first evidence for an instability in this configuration was obtained by C. E. Williams [3] under rather crude experimental conditions. The experiment was then resumed by the Montpellier group with a more sophisticated apparatus. Preliminary results were announced at Madona di Campiglio [4] and more detailed ones at Bordeaux [5] . The essential result is that, above the instability threshold, the applied shear is relaxed by the motion of a double Grandjean wall moving up and down in the bulk.
More recent experiments are concerned with the instability threshold in a.c. experiments. The first result is that, at given frequency and temperature, this threshold is characterized by a critical amplitude of the «tilt angle » Ooc (displacement of the plate over the sample width). The second result is that, at a given temperature, OOc depends only on frequency.
The aim of this paper is to give a theoretical analysis of the stability of layers under such a shear flow. We start from the basic equation for elasticity and hydrodynamics of smectics. As the direction of the layers changes through the process, it is useful to start from a covariant form of these equations. Such a covariant form has already been given for elasticity by Kleman and Parodi [6] [6] where g is the relative dilatation of the layers. Hydrodynamic equations for smectics have been derived by many authors for small deviations of the aligned configuration. The M.P.P. formalism [9] can easily be extended (see appendix A) and a covariant version is :
where,6 is the unit second rank tensor and nn a dyadic. g, 6 and a' have been defined in K. P. and M.P.P. ( 1 ) We will now show that curvature is limited to two layers. These layers will be most efficient for relaxing stresses if they are located close to the surface. We thus arrive at a picture where the orientational boundary condition on the layers is relaxed in thin boundary layers, up and down the sample, while the bulk orientation is n'ot sensitive to these boundary conditions. We now look again at the two elastic terms in equation (2.13). Let 00 be the inclination of layers out of the boundary layer (0 = 0 on the surface). Obviously ! 100 1 = I u' I and, if 0 varies from 0 to 00 on a distance l, u" will be of order 00/1 and u"" of orders 100 /l3. The second elastic term will be much smaller than the first one except in a layer of thickness I such that or, dropping the 3/2 factor where À, the curvature penetration length, is of order of a molecular length.
For very small 0, 1 is of the order of the sample width and there is no boundary layer. But Here i,y and 7:" are respectively the smectic order parameter [14] and the hydrodynamic relaxation time [10] . Note that, for a given sample, M depends only on the frequency while N depends both on the frequency and on the distortion amplitude.
The numerical solution of equation (4.2) is obtained as follows :
i) we use a finite difference method [15] . The analysis is performed on discrete values of Z and and (4.2) is replaced by a set of difference equations; ii) this system is then solved using a relaxation method [16] . The ii) when N increases, U(Z,,r) gradually departs from Uo and shows a distortion of the smectic layers in the bulk. This distortion increases as N grows;
iii) when N reaches a critical value Nc(M), U(Z, r) Fig. 4 . -U as a function of Z (M = 3; N = 1. 3) ; T = 7 n/2 (1), 11 n/3 (2), 23 n/6 (3), 4 n (4), 25 n/6 (5), 13 n/3 (6), 9 n/2 (7).
diverges. We thus obtain in the (N, M) plane a critical curve Nc(M) (Fig. 5 
